S U M MAR RY Serum total lactate dehydrogenase (LDH) was estimated serially for up to 15 days in l10 patients with head injuries who had no extraneural injury. Increase in LDH activity generally indicated the degree of parenchymal brain damage. The prognostic value of LDH was established by correlating its activity with clinical criteria such as duration of unconsciousness and post-traumatic amnesia, type of brain damage, and quality of survival. A significant rise in LDH activity suggested severe brain damage and poor prognosis.
The factors operating on the brain in head injury are multiple and complex, and assessment of the extent of brain damage and prediction of outcome are difficult in the early stages. Patients with different degrees of brain injury, as judged by their final condition, may at first show a similar or identical clinical picture (Lancet editorial, 1973) . Clinical (Jennett and Bond, 1975; Mohanty et al., 1977) , biochemical (King et al., 1974; Patra, 1977) , and electrophysiological (Tandon et al., 1972) studies have proved useful in estimating the prognosis in head injury. But sometimes the real extent of primary brain damage is masked by traumatic brain oedema and cerebral metabolic derangement.
In recent years some encouraging reports have appeared on assessing the degree of brain damage by estimating serum and cerebrospinal fluid enzymes such as lactic dehydrogenase (Lindblom and Aberg, 1972; Thomas and Rowan, 1976) , creatine phosphokinase (Rabow et al., 1971) , glutamic oxalacetic transaminase (Lindblom and Aberg, 1972) , and cholinesterase (Rao, Shukla, Mohanty, and Reddy, unpublished) . There are no reports, however, on the significance of lactic dehydrogenase (LDH) in predicting the outcome by correlating blood levels with clinical criteria such as duration of unconsciousness and posttraumatic amnesia.
Patients and methods
Serum total lactate dehydrogenase (LDH) activity was estimated by King's colorimetric method (Wooton, 1964) in 110 cases of acute head injury without any other extraneural injury. Soon after admission all patients underwent thorough examination of the nervous and other systems. Any patient revealing extracerebral injury, either at admission or on subsequent follow-up, was excluded from the study. A colorimetric method was found to be simpler than, and as good as, a spectrophotometric procedure (Varley, 1969; Dharker et al., 1976; Shukla et al., 1977) . Initial venous blood samples were obtained on the day of injury and successive samples were collected for periods of two to four days, five to nine days, and 10 to 15 days for estimation of LDH.
The head injury patients were classified in four groups: (1) concussion (n=48), (2) extracerebral haematoma (n = 8), (3) intracerebral damagelaceration and haematoma (n=39), and (4) brainstem injury-primary and secondary-(n= 15). Patients were classified as having brainstem injury when they had decerebrate rigidity, pupillary changes, and marked autonomic disturbances. Where these clinical features were manifested after a lucid interval and were associated with either intracranial haematoma or cerebral oedema, they were regarded as being caused by secondary brainstem injury. However, if the brainstem disturbances were evident immediately after injury and no obvious cerebral compression was detected, cases were classified as primary brainstem injury and diffuse white matter injury. The pathological diagnosis was confirmed by clinical examination, investigations, operative or necropsy findings. Patients were also grouped according to duration of unconsciousness (less than one hour, one hour to one day, and more than one day) and posttraumatic amnesia (less than one hour, one hour to one day, one day to one week, and more than one week). Outcome, reviewed for periods up to three months from injury, was specified as (1) dead, (2) severely disabled, (3) moderately disabled, or (4) good, as described by Jennett and Bond (1975) . In the concussion group, 36 patients made a good survival, 10 were moderately disabled, one was severely disabled, and one died. In the extracerebral haematoma group, three patients were in the good survival category, two were moderately and one severely disabled, and two died. The quality of survival in the intracerebral damage group consisted of six with good survival, 18 moderately and 10 severely disabled, and five dead. In the brainstem injury group, there was no good survival, three patients were moderately disabled, five severely disabled, and seven patients died. A parallel study on 30 neurologically normal people formed the basis of normal control values. Serum total LDH was also estimated preoperatively from 10 patients with brain tumour (six supratentorial and four infratentorial), and the values were compared with the types of brain damage in head injury. Precautions were taken to prevent venesection haemolysis of blood samples. The samples were analysed on the day after venesection and were stored until then at +40C. Statistical analysis was done from the recorded data. Mean, standard deviation, and standard error were calculated, and the comparisons between the groups were made using Student's t test.
Results
The mean serum total lactate dehydrogenase (LDH) activity was 101.8 iu/l (SD+24.5) in the normal control group and 218.3 iu/l (SD+71.6) in the brain tumour control group. The range of LDH values in different groups of head injury is shown in the Table with the st-andard error of the mean LDH values. The mean LDH was higher than normal in the head-injured patients when the duration of unconsciousness was more than one hour and post-traumatic amnesia (PTA) exceeded one day, in all types of brain damage and in the disabled and dead groups on the first day of injury .
Patients who were unconscious for less than one hour did not show a significant rise in LDH activity throughout the period of study. Patients who were unconscious for one hour to one day showed a statistically significant rise in LDH activity compared with the control group during the first day of injury (t=5.6; df=67; P<0.001), the two to four day period (t=3.11; df=39; P<0.01) and the five to nine day period (t=2.29; df=42; P<0.05); there was no significant rise in the 10-15 day period. When the duration of unconsciousness was more than one day the rise of LDH activity was significant in comparison with the control level throughout the period of study (t=9.36; df=44; P<0.001 on the first day, t=3.57; group.bmj.com on July 8, 2017 -Published by http://jnnp.bmj.com/ Downloaded from df=34; P<0.01 during the two to four day period, t=3.39; df=33; P<0.01 in the five to nine day period, and t=4.44; df=34; P<0.001 in the 10-15 day period). We also observed that patients who were unconscious for one hour to one day had a significant rise on the first day (t=3.69; df=62; P<0.001) and during the five to nine day period (t=2.38; df=21; P<0.05) when compared with those who were unconscious for less than one hour. Patients who were unconscious for more than one day showed a significant rise of LDH activity on the first day of injury (t=7.25; df=39; P<0.001), the five to nine day period (t=2.9; df=12; P<0.02), and the 10-15 day period (t= 3.5; df=10; P<0.001) when compared with those who were unconscious for less than one hour.
When the duration of post-traumatic amnesia was less than one day, the mean serum LDH level was normal or below the control level, and comparison was not made between this group and the control group. However, when the duration of post-traumatic amnesia was more than one day but less than one week, patients showed a significant rise of LDH activity on the first day (t=5.42; df= 53; P<0.001), during the two to four day period (t=2.52; df=37; P<0.02), the five to nine day period (t=2.55; df=40; P<0.02), with no significant rise in the 10-15 day period. Patients with post-traumatic amnesia lasting for more than one week showed a significant rise in LDH activity throughout the period of study (t=8.75; df=57; P<0.001 on the first day, t=4.21; df=41; P<0.001 during the two to four day period, t=3.5; df=38; P<0.01 in the five to nine day period, and t=2.03; df=35; P<0.05 in the 10-15 day period). Because of the apparent fall in the mean LDH activity below the control level in the groups with posttraumatic amnesia for less than one hour and less than one day, comparisons were not made between these groups and cases with post-traumatic amnesia for more than one day. Comparison of these groups revealed a significant difference only on the first day (t=2,72; df=52; P<0.01).
Patients with concussion had a significant increase in serum LDH level on the first day (t=3.29; df=67; P<0.01) and during the two to four day period (t=2.05; df= 38; P<0.05). Those with extracerebral haematoma showed a significant rise only on the first day (t=2.61; df=36; P<0.02). Those with intracerebral damage had a significant rise during the first day (t=7.65; df=60; P<0.001) and the two to four day period (t=3.86; df=43; P<0.001), and those with brainstem injury had a significant rise on the first day (t=7.24; df=42; P<0.001) and during the two to four day period (t=2.02; df=31; P<0.05). When the extracerebral haematoma group was compared with the concussion group the rise of LDH was not significant, whereas comparison of the groups with intracerebral damage and brainstem injury against the concussion group revealed a significant rise of LDH activity only on the first day of injury (t= 3.6; df=69; P<0.001 and t=4.83; df=51; P<0.001 respectively). The group with brainstem injury showed a significant rise of serum LDH only on the first day (t=2.21; df=44; P<0.02) when compared to the intracerebral damage group. Patients with concussion, extracerebral haematoma, and intracerebral damage did not show a significant rise of serum LDH when compared with the brain tumour control group, whereas the brainstem injury group did show a significant increase in LDH activity on the first day of injury (t=3.14; df=22; P<0.01).
The group of patients with good survival registered no significant rise of serum LDH level throughout the period of study. The moderately disabled group recorded a significant increase on the first day (t=7.09; df=53; P<0.001), in the two to four day period (t=5.14; df=39; P<0.001), and the five to ten day period (t=3.66; df=39; P<0.001) when compared with controls. The severely disabled group showed a persistent significant rise throughout the period of study (t= 14.52; df=43; P<0.001 on the first day, t=3.41; df=34; P<0.01 during the two to four day period, t=4.3; df=33; P<0.001 in the five to nine day period, and t=3.1; df=33; P<0.01 in the 10-15 day period). In patients who died, there was also a consistent rise until the time of death (t=7.51; df=43; P<0.001 on the first day and t=2.22; df=33; P<0.05) during the two to four day period when compared with controls. The moderately disabled group also showed a significant increase in serum LDH level on the first day (t=4.22; df=63; P<0.001) (t=2.32; df=9; P<0.05) . There was also a significant difference on the first day (t=2.28; df=38; P<0.05) when the moderately disabled group was compared with the fatal group, but the difference was not significant when the severely disabled group was compared with the fatal group.
Discussion
The results of the present study suggest that there is a definite correlation between an increase in serum LDH activity and the severity of head injury. When the duration of unconsciousness is less than one hour the activity of serum LDH is normal or below control level. But with a duration of unconsciousness exceeding one hour there is a corresponding increase in the LDH activity. Similarly, a rise in LDH activity is directly proportional to the duration of post-traumatic amnesia. Though the duration of unconsciousness and of post-traumatic amnesia are useful clinical criteria in assessment of the degree of brain damage at the bedside, important time will be lost in the management of head injury in the acute stage. In view of the close correlation between serum LDH level and duration of unconsciousness and post-traumatic amnesia, estimation of serum LDH can be used effectively to predict the extent of brain damage.
Lactate dehydrogenase activity varied with the type of brain damage. The level was high in brainstem injury and low in the concussion group. The activity was consistently high in intracerebral damage and brainstem injury. There was also a significant difference between cases with concussion and intracerebral damage, concussion and brainstem injury, and intracerebral damage and brainstem injury, but the difference was not significant when the extracerebral haematoma group was compared with other groups. Information regarding the type of brain damage can be inferred with some precision by using this enzyme assay.
Estimation of LDH activity is most useful in predicting the prognosis of head injury. High mean levels of LDH were found only on the first day in the good survival group, up to nine days in the moderately disabled group, and consistently throughout the period of study in the severely disabled and dead groups. It is also useful for differentiating the good survival group from other groups, and the moderately disabled group from the severely disabled and dead groups. However, no difference was detected between the severely disabled and dead groups. Thomas and Rowan (1976) correlated the serum isoenzyme LDH-1 with the type of brain damage and the eventual outcome, and concluded that LDH-1 is raised after head injury. A similar conclusion was drawn by Lindblom and Aberg (1972) . We found that the serum total LDH itself can give adequate information regarding the total extent of brain damage in head injury patients who have no extraneural injury. The total LDH is not specific for neural injury, and if extraneural injury is also present it is necessary to measure the level of LDH isoenzyme.
Lactate dehydrogenase, a cytoplasmic enzyme present in the brain, is released into the blood when the brain is injured, and its rise in the serum indicates the degree of brain damage. In cases of stroke or brain tumour when the blood brain barrier is broken, LDH is also released into blood. In our study the difference in rise of LDH was statistically significant when the brainstem injury group was compared with the brain tumour group on the first day of injury. We conclude that measurement of serum LDH can be used effectively in the management of head injury by indicating the extent and type of brain damage at an early stage, and in assessing the prognosis.
